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To study hospital-wide dissemination of Extended Spectrum Beta-Lactamase (ESBL) producing 
Klebsiella pneumonaie strains in a University Teaching Hospital in the West Midlands region of the UK.

ESBL producing Klebsiella pneumonaie strains were isolated from patients 
admitted to the study hospital during a two months period. Two Klebsiella pneumonaie NCTC strains, 
10896 and 9633 were used as controls. Biotyping profiles were determined by using API 20E system (API-
BioMerieux, France) as per manufacturer's instructions. Initial susceptibility testing of the isolates was 
performed by the BSAC disc diffusion method on IsoSensitest agar (ISA; Oxoid, Basingstoke, UK). ESBL 
producing isolates were further tested by the BSAC broth dilution method using MIC breakpoint 
susceptibility tests. Isolates were grown for 24 hours at 37 oC in 5 ml of Brain Heart infusion (BHI; 
Oxoid, Basingstoke, UK). Restriction digestion of chromosomal DNA and Pulsed-field gel electrophoresis 
(PFGE) were carried out.

  The sixteen clinical isolates from the study hospital clustered into two API biotype profiles. Their 
antibiogram profile was similar except that eight isolates were resistant to ciprofloxacin in addition to 
other antibiotics tested. There was no apparent correlation between the API profile and antibiogram among 
these patients. Of the sixteen ESBL producing Klebsiella pneumoniae isolates from the study hospital, 9 
were from urinary samples, 5 isolates were from sputum, and the remaining two strains were from blood 
cultures. For the 20 clinical isolates and two control strains examined, 6 Xba 1 restriction patterns were 
observed. The 16 clinical isolates from our hospital produced identical DNA profile. These were designated 
as type A. The four unrelated isolates from a different hospital produced two DNA types designated as type 
B and type C. The two control strains produced fragment patterns different to each other and to the 
remainder of the isolates. These were designated as type E  and type F .

 This study emphasizes the need for continued surveillance of ESBL producing 
enterobacteriacae. This will be helpful in monitoring antimicrobial resistance, and to guide intervention to 
minimize its occurrence.

ESBL Producing Klebsiella Pneumoniae, Clonal Spread, Molecular Analysis 

INTRODUCTION ESBLs are frequently associated with resistance to 
o t h e r  c l a s s e s  o f  a n t i b i o t i c s ,  i n c l u d i n g  

Extended Spec t rum Beta-Lac tamase 7,8aminoglycosides and fluoroquinolones . This 
(ESBL) producing organisms are becoming 

poses an important challenge in clinical practice, 1increasingly common among hospitalised patients . 
since these organisms are a common cause of 

Major risk factors for colonization or infection 
serious infections. This may have implications in 

with ESBL-producing organisms are long term 
terms of treatment and outcome, and infection 

antibiotic exposure, prolonged ICU stay, nursing 9,10control .
home residency, instrumentation or catheterisa-

2-4tion . The most common ESBL-producers are 
5Escherichia coli and Klebseilla species . These 

contain multi-resistant plasmids that may be 
t r ansmi t t ed among o the r members o f the 

6enterobacteraicae, even within the same patients . 
Apart from resistance to Beta-lactam antibiotics, 

We report the hospital-wide dissemination 
of ESBL producing Klebsiella pneumonaie strains 
in a University Teaching Hospital in the West 
Midlands region of the UK. An increase in ESBL 
producing Klebsiella pneumonaie was observed 
over a 2 month period amongst the hospitalised 
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patients. This prompted us to analyse the clinical 
and molecular epidemiology of the isolates in 
these patients. The aim of the study was to 
determine whether it was a true outbreak as a 

Biotyping:
result of the spread of a single strain from a single 

Biotyping profiles were determined by source, and to adopt measures to eradicate a 
using API 20E system (API-BioMerieux, France) potentially dangerous nosocomial pathogen. 
as per manufacturer's instructions.Conventional typing techniques applied to 

characterise Klebsiella species lack reproducibility, 
Antibiogram:11typeability and discrimination . Hence, the 

Initial susceptibility testing of the isolates technique of Pulsed-field gel electrophoresis 
was performed by the BSAC disc diffusion (PFGE) was applied to delineate strains below 

1 4method  on IsoSensitest agar (ISA; Oxoid, species level. The same methods have been 
Klebsiella Basingstoke, UK). ESBL producing isolates were successfully applied to type   outbreak in 

12,13 further tested by the BSAC broth dilution the past .
15,16method  using MIC breakpoint susceptibility 

tests. The resistance profile is presented in Table I.

Isolates: Preparation of chromosomal DNA:
 oIsolates were grown for 24 hours at 37 C 

in 5 ml of Brain Heart infusion (BHI; Oxoid, 
Basingstoke, UK). One ml of overnight broth for 
each isolate was transferred to an eppendorf tube. 
The cells were pelleted, and washed twice with 

MATERIAL AND METHODS

included. The details of the isolates are given in 
Table I. Two Klebsiella pneumonaie NCTC strains, 
10896 and 9633 were used as controls. 

S ixteen ESBL producing Klebsie l la 
pneumonaie strains were isolated from patients 
admitted to the study hospital during a two months 
period. Four isolates recovered from patients in 
another geographically unrelated hospital were also 
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 Isolate   Source of Ward API *Antibiogram    DNA
 No          the isolate               profile  type

Isolates from the same hospital
 1 Urine M8 5215772 AmoCxmAugCazTimTic   A
 2 Urine D11 5215772 AmoCxmAugCazTimTicCip A
 3 Urine D47 5215772 AmoCxmAugCazTimTic   A
 4 Urine D46 5215772 AmoCxmAugCazTimTic  A
 5 Urine D16 5215772 AmoCxmAugCazTimTic  A
 6 Sputum D16 5215772 AmoCxmAuCazTimTicCip   A
 7 Sputum D11 5215772 AmoCxmAugCazTimTic   A
 8 Sputum D47 5215772 AmoCxmAugCzTimTicCip  A
 9 Urine GP 5215772 AmoCxmAugCazTimTicCip A
10 Blood D18 5215773 AmoCxmAugCazTimTicCip A
11 Urine D42 5215773 AmoCxmAugCazTimTicCip A
12 Sputum D47 5215773 AmoCxmAugCazTimTicCip A
13 Sputum D30 5215773 AmoCxmAugCazTimTic  A
15 Urine D27 5215773 AmoCxmAugCazTimTicCip A
16 Urine D11 5215773 AmoCxmAugCazTimTic A

Isolates from a different hospital
17 Blood    B
18 Swab    C
19 Urine    C
20 Swab    B

NCTC strains used as controls
21 NCTC10896    D
22 NCTC9633    E

*Antibiograms denoted as a resistance profile based on testing with Ampicillin(Amo), Cefuroxime(Cxm), 
Augmentin(Aug), Ceftazidime(Caz), Timentin(Tim), Ticarcillin(Tic), Ciprofloxacin(Cip).

DETAILS OF THE ESBL PRODUCING KLEBSIELLA PNEUMONIAE ISOLATES 
FROM THE SAME HOSPITAL, UNRELATED ISOLATES FROM A 

DIFFERENT HOSPITAL, AND CONTROL STRAINS.

Table I
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1ml of TEN buffer (6 mM Tris-HCl pH 7.5, 100 was included in each gel as a molecular weight 
mM EDTA pH 8.0 & 1M NaCl). An equal volume marker. Electrophoresis was performed with a 
of 2% low gelling agarose (Bio-Rad,  USA) was ramped pulse time of 10-70 seconds for 24 hours 
added, and the mixture dispensed into a 10-plug at field strength of 6V/cm. Gels were stained with 

o  25l of Ethidium bromide in distilled water for mould (Bio-Rad, USA). Plus were solidified at 4 C
 30min and photographed.for 5min and then divided into four pieces with a 

clean coverslip. The plugs were incubated for 24 
ohours at 37 C in sterile screw capped bottles 

containing 3ml of lysis buffer (6mM Tris-HCl pH The sixteen clinical isolates from the study 
8.0, 100 mM EDTA pH 8.0,1 M NaCl, 1 g/l hospital clustered into two API biotype profiles. 
lysozyme (Sigma) and 100 ul of 30% N-lauryl Their antibiogram profile was similar except that 
Sarcosine (Sigma). The plugs were further treated eight isolates were resistant to ciprofloxacin in 

ofor 48 hours at 50 C in 2 ml of ESP solution (0.5 addition to other antibiotics tested (Table 1). There 
M EDTA pH 9.0, Proteinase K 1g/l, 100ul of 30% was no apparent correlation between the API 
N-lauryl Sarcosine). The plugs were washed twice profile and antibiogram among these patients. Of 
with 3ml of TE buffer (Tris-HCl pH 7.5, 1 mM the sixteen ESBL producing Klebsiella pneumoniae 
EDTA pH 8.0) containing 1mM Phenylmethyl isolates from the study hospital, 9 were from 
sulphonyl fluoride (PMSF). The plugs were further urinary samples, 5 isolates were from sputum, and 
washed with three changes of TE buffer without the remaining two strains were from blood 
PMSF and stored until use. cultures. Details of the colonised or infected cases 

are presented in Table I. In order to analyse the Restriction digestion of chromosomal DNA:
relatedness of the isolates, Xba1 restriction enzyme 

Two plugs of each strain were collected in was selected which recognises the tetra-nucleotide 
an eppendorf tube and equilibrated in 300 ul of sequence CTAG in Gram-negative bacteria. All the 
Xba1 (S igma) buffe r fo r 30 min on ice . i sola tes were typeable , and had excel lent 
Subsequently, 30 units of Xba1 enzyme added and reproducibility as judged by visual comparison 

 odigestion carried out for 24 hours at 37 C. The between gels run under identical conditions. The 
reaction was stopped by the addition of 50 mM PFGE profiles were stable on repeat testing of the 
EDTA. same isolate after subculture on three separate 

occasions. Cleavage of the Klebsiella pneumoniae Pulsed-field gel electrophoresis (PFGE):
DNA with Xba1 generated 13-16 large well 

PFGE was performed using the CHEF DR- differentiated DNA fragments per isolate in the 
II system (Bio-Rad, Carolina, USA). Gels were size range of 48 to 530Kb.
made up of 1.0% agarose in 0.5% TBE buffer 

For the 20 clinical isolates and two control (Tris-HCl 10.3 gm, Boric acid 5.5gm, EDTA 
strains examined, 6 Xba 1 restriction patterns were 0.93gm). The plugs were loaded into separate 17 observed. The criteria of Tenover et al (1995) wells. Bacteriophage lambda DNA ladder (Sigma) 

RESULTS
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Figure 1. Details of DNA karyotype patterns of ESBL producing Klebsiella pneumoniae isolates; lanes 1, 8 & 14 
(lambda DNA Ladder), lanes 2-5 (non-related isolates from a different hospital), lanes 6, 7 & 9 -13 
(the study hospital isolates), and lane 15 (S. aureus NCTC strain 9366).

        1        2       3      4      5       6       7      8      9     10     11    12    13     14     15 
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were used to determine the relatedness of isolates. Analysis of the PFGE profiles using Xba1 
They state that genetically identical isolates restriction enzyme showed identical PFGE profiles 
produce identical DNA bands, and closely related in 16 isolates from the study hospital, although 
isolates differ from the outbreak pattern by two to these did not appear to be epidemiologically 
three bands. Possibly related strains differ by four related in terms of time and location. None of the 
to six bands, whereas unrelated isolates differ by patients was in the same ward at the time of 
seven or more band differences. The 16 clinical isolation of the ESBL producing Klebsiella 
isolates from our hospital produced identical DNA pneumoniae, but surprisingly all of these produced 
profile. These were designated as type A (Figure 1, reproducibly the same DNA karyotype. The four 
lanes 5-9 & 9-13 and Figure 2, lanes 2-6 & 8-13). geographically distant isolates produced different 
The four unrelated isolates from a different DNA types compared to the study isolates as was 
hospital produced two DNA types designated as the case with the two control strains. 
type B (Figure 1, lanes 2 & 5) and type C (Figure 

The majority of the ESBL producing 
1, lanes 3 & 4). The two control strains produced 

Klebsiella pneumoniae were detected in urinary 
fragment patterns different to each other and to the 

samples (9/16), whereas 5 isolates were recovered 
remainder of the isolates. These were designated as 

from sputum. The remaining two isolates were 
type E (Figure 2; lanes 11 & 13) and type F 

from blood cultures. Amongst the 15 admitted 
(Figure 2; lane 12).

cases, 10 were not related in time and space. Two 
patients were admitted on the same ward, but their 
admissions were two weeks apart. Similarly, two 

E p i d e m i o l o g i c a l  s t u d i e s  b a s e d  o n  other patients admitted to another ward were 
phenotypic characteristics such as API biotype admitted four weeks apart. An isolate recovered 
profile and antibiotic susceptibility patterns may from the respiratory specimen of a patient on two 
not accurately predict relatedness of the strains as occasions (10 days apart) gave identical anti-
shown in the present study. The biochemical biogram profile, but different API biotype.
system profile number of the API 20E clustered 

The striking homogeneity of the DNA the 16 isolates from the same hospital into two 
profile suggests the spread of a single clone of biotypes. This did not correlate with the results of 
Klebsiella pneumoniae within the same hospital, the PFGE typing. Similarly, the antibiogram profile 
although we were not able to establish any grouped the isolates into two types based on their 
epidemiological evidence in terms of patients susceptibility pattern to ciprofloxacin (Table 1). 
being admitted on the same wards at same time. Use of antibiotic resistance determinants may not 
However, these results emphasize the need for be sufficiently discriminatory for outbreak 
continued surveil lance of ESBL producing investigation. Thus, these characteristics can not be 
enterobacter iacae. This wil l be helpful in necessarily relied on to discriminate strains of 
monitoring antimicrobial resistance, and to guide ESBL producing strains of Klebsiella pneumoniae 
intervention to minimize its occurrence. Good within a hospital.

DISCUSSION
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1          2        3         4         5         6        7         8        9       10      11       12      13

Figure 2.  Details of DNA karyotype patterns of ESBL producing Klebsiella pneumoniae isolates; lanes 1, 7 & 14 
(lambda DNA Ladder), lanes 2-6 & 8-10 (The study hospital isolates), lanes 11&13 (NCTC strains 10896) and 
lane 12 (NCTC strain 9633
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infection control practices, especially good hand 
washing techniques are necessary to prevent spread 
of multi-drug resistant organisms. This combined 
with education of the staff and careful review of 
the nursing care pract ices was helpful in 
minimising further transmission of such cases in 
the study hospital. 
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